The process of parturition involves the complex interplay of factors that change the excitability and contractile activity of the uterus. We have compared the relative gene expression profile of myometrium from rats before parturition (21 days pregnant) and during delivery, using high-density DNA microarray. Of 8,740 sequences available in the array, a total of 3,782 were detected as present. From the sequences that were significantly altered, 59 genes were upregulated and 82 genes were downregulated. We were able to detect changes in genes described to have altered expression level at term, including connexin 43 and 26, cyclooxygenase 2, and oxytocin receptor, as well as novel genes that have been not previously associated with parturition. Quantitative real-time PCR on selected genes further confirmed the microarray data. Here we report for the first time that aquaporin5 (AQP5), a member of the aquaporin water channel family, was dramatically downregulated during parturition (ϳ100-fold by microarray and ϳ50-fold by real-time PCR). The emerging profile highlights biochemical cascades occurring in a period of ϳ36 h that trigger parturition and the initiation of myometrium reverse remodeling postpartum. The microarray analysis uncovered genes that were previously suspected to play a role in parturition. This regulation involves genes from immune/inflammatory response, steroid/lipid metabolism, calcium homeostasis, cell volume regulation, cell signaling, cell division, and tissue remodeling, suggesting the presence of multiple and redundant mechanisms altered in the process of birth. smooth muscle; microarray; labor; aquaporin; gene regulation THE UTERUS MAINTAINS A STATE of relative quiescence throughout most of pregnancy, but during labor myometrium smooth muscle contracts in a synchronized manner to expel the fetus. In this period, the myometrium becomes insensitive to relaxant signals and responsive to contractile stimuli. Several hormonal, chemical, and mechanical signals may play a role in the transition of the quiescent uterus to the contracting uterus. Challis and Lye (14) proposed a unifying hypothesis that as term approaches, a group of genes encoding for key "contraction-associated proteins" (CAPs) is activated. CAPs are necessary to augment the response to uterotonins such as oxytocin and prostaglandins, initiate excitation, and increase the frequency and amplitude of contractions (15). The oxytocin receptor (49), corticotropin-releasing hormone receptors (71), the gap junction connexin 43 (Cx43) (57), and the cyclooxygenase (COX) enzyme (23) are the best-characterized examples of CAPs. To better understand the complex process of normally timed labor, several studies have used microarray technology to identify novel genes that are differentially expressed in uterus during labor, both in humans (5, 9, 10, 16, 31, 43) and in rodents (5, 38, 75) . Although each study identified up to 50 genes that are significantly up-or downregulated during labor, only a few of the detected genes are common to these studies. These differences could be largely due to the selected time point of pregnancy, the tissue composition, and/or species dependence. In fact, a recent comprehensive review on microarray studies concluded that the onset of labor remains without a clear characterization, possibly because the changes in gene expression take place in a very short time that is difficult to record with this methodology (9). We decided to set a strict time point by comparing in rats the pattern of gene expression at late pregnancy (day 21 of pregnancy) with that found during labor after the expulsion of the second pup, a period of 36 h in which most of the changes associated with labor/delivery occur. Furthermore, because uterine samples of late-pregnant animals could be contaminated with endometrium and placental tissue, in these studies we used only myometrium. Using Affymetrix high-density DNA microarray, we have confirmed increased expressions of so-called CAPS genes (i.e., Cx43, oxytocin receptor, COX2) as well uncovering genes that were not previously known to be involved in the parturition process in rat myometrium. Microarray data of selected genes with large (50-to 100-fold) and small (ϳ2-to 4-fold) expression changes were validated by quantitative real-time PCR (QRT-PCR).
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MATERIALS AND METHODS

Total RNA Preparation
Animal protocols were approved by the UCLA School of Medicine Animal Committee. Uteri were dissected from late-pregnant (LP, 21 days) rats and rats during labor (DL) after the expulsion of the second pup. After dissection uteri were placed immediately in cold Ca 2ϩ -free PBS buffer, and peripheral large blood vessels, external surrounding connective tissue, and placenta were removed. The endometrium superficial layer was separated by gentle scraping. The myometrium was weighed, finely minced, and homogenized with a Polytron (Polytron PT3000, Brinkmann). To extract total RNA the Ambion Totally RNA kit (Ambion, Austin, TX) was used. RNA concentration was determined with a spectrophotometer at 260-nm optical density (OD). The RNA purity was assessed by the OD ratio 260 nm/280 nm and the RNA integrity by the comparison of the 28S and 18S bands from 1 g of total RNA in 0.8% agarose gels in Tris-borate-EDTA buffer with 0.5 g/ml ethidium bromide.
cRNA Preparation and Microarray Analysis
RNA samples were processed according to the protocol indicated by Affymetrix (Santa Clara, CA) and performed in the DNA Microarray Core Facility of the Department of Human Genetics, UCLA School of Medicine. cDNA was synthesized with the SuperScript Choice System (Life Technologies, Grand Island, NY) with an oligo(dT) primer containing the sequence of the T7 promoter region (Genset, La Jolla, CA). The cDNA was then used to perform in vitro transcription incorporating biotin-labeled nucleotides with the Enzo BioArray kit (Enzo Biochem). Biotin-labeled cRNA was fragmented and hybridized to the Affymetrix Rat RG U34-A GeneChip containing 8,740 probe sets targeting different sequences. The arrays were washed, stained, and scanned with Fluidics Station 400 (Affymetrix) and an Agilent Scanner (Hewlett-Packard).
To determine presence or absence for each sequence in the experimental cRNA, microarray data were initially processed with Affymetrix Microarray suite 4.0. Since microarrays may differ in their hybridization patterns, to quantify cRNA sequence expression levels the values of each cell intensity were calculated with the Li and Wong statistical model applied to all the microarrays (dChip software) (51, 52) . Since scanned images may have different overall brightness, a normalization procedure is needed to adjust the brightness of the arrays to a comparable level. dChip software performs "invariant set normalization," which automatically chooses a subset of genes with small within-subset rank difference among arrays (the invariant set), to serve as the basis for fitting a normalization curve. Once the normalization procedure was completed, the mean expression index (EI) of each gene was calculated according to the Li and Wong statistical model (52) . Determinations were performed on individual RNA samples from three animals in each condition (21 days late pregnant and during labor); in one pair of data the determinations were validated by triplicate determinations. Ten microarrays were analyzed, five LP (arrays 1, 2, and 3 and 2 replicates of array 1) and five DL (arrays 1, 2, and 3 and 2 replicates of array 1). Fold changes are the average of three arrays from LP and DL animals. P values Յ0.05 were considered statistically significant with the two-tailed t-test for independent samples. The frequency distribution of fold changes for genes with P Ͻ 0.05 showed a peak at 1.8-and Ϫ1.8-fold for up-and downregulation, respectively. This peak abruptly decayed as a function of smaller absolute changes. In agreement with this, we selected a cutoff threshold of 1.79-fold change that covered all the biologically significant genes that were statistically significant by several statistical methods (17) . GenBank accession numbers are given in parentheses. All data are stored in GEO with MIAME (Minimum Information About a Microarray Experiment)-compliant microarray database (accession no. GSE12799).
Quantitative Real-Time PCR
Microarray data were independently validated in a set of genes with small, intermediate, and large changes (ϳ2-to ϳ100-fold) using QRT-PCR performed in triplicate with 3-5 RNA-independent isolations in each LP and DL group. Mean values were normalized to LP. RNA samples from different animals were used for QRT-PCR and microarray determinations. Total RNA was isolated by the TRIzol method (Invitrogen), and the quality of total RNA was evaluated by visual assessment of 28S-to-18S ribosomal RNA ratio on agarose gels. Figure 1A shows an example of total RNA isolated from myometrium of LP and DL rats. The quality of total RNA was further evaluated with primers spanning a 200-bp intron within the rat ␤-actin sequence to serve as a control for genomic DNA contamination (forward primer 5Ј-GGCTACAGCTTCACCACCAC-3Ј and reverse primer 5Ј-TACTCCTGCTTGCTGATCCAC-3Ј) (V01217). The presence of only one single band of the expected molecular mass at ϳ500 bp with the absence of the predicted 700-bp band that would include 200 bp from the intron (Fig. 1B) demonstrates the lack of genomic DNA contamination in both LP and DL total RNA. High-quality total RNA (2 g) was then reverse transcribed to single-stranded cDNA by priming with gene-specific primers and the Ominiscript kit (Qiagen) in the absence and presence of reverse transcriptase (RT). Genespecific primers and their corresponding accession numbers are given in Table 1 . QRT-PCR was performed with an iCycler iQ (Bio-Rad) with Platinum PCR Supermix-UDG (GIBCO BRL) and SYBR Green I (27) . Specific products were detected as a clear single peak at their melting temperature in the first derivative of fluorescence (dF/dt) vs. temperature plot (melting curve) and as a single band at the expected molecular mass in agarose gel electrophoresis at the end of the experiment (Fig. 1, D and E) . The transcript level of the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal reference gene (forward primer 5Ј-TCCTGCACCAC-CAACTGCTTAG-3Ј and reverse primer 5Ј-GATGACCTTGCCCA-CAGCCTTG-3Ј) (AF106860). The reaction conditions were 5 min at (Fig. 1C ). In the presence of RT the threshold cycle was ϳ20, while in the absence of RT the threshold cycle increased to ϳ39. This threshold difference (19 cycles) indicates 524,288 (or 2 19 )-fold lower transcript levels in the absence of RT, which is an estimate of the degree of genomic DNA contamination. Confirming the purity of the RNA and the quality of the primers, the melting curve showed a single sharp peak only in the presence of RT (Fig. 1D ) and the QRT-PCR products run at the end of the experiment showed a single band of the expected molecular size only in the presence of RT (Fig. 1E ). No products were detected when total RNA was converted to DNA in the absence of RT (Fig. 1E ).
RESULTS AND DISCUSSION
Changes in Global Pattern of Gene Activity Between Late Pregnancy and Parturition
To analyze changes in gene expression in rat myometrium between late pregnancy and the initial stage of parturition during labor we used high-density oligonucleotide arrays with probe sets for 8,740 sequences (6,400 gene and 2,340 expressed sequence tag sequences). Figure 2 shows the average EI plot of present genes in DL vs. LP (3 independent samples per stage). The analysis shows that 3,782 sequences (43.3% of available sequences) were detected and that 59 genes were upregulated (1.6%) while 82 genes were downregulated (2.2%). The global pattern of expression favors upregulation of CAPs and downregulation of relaxing-and hypertrophy-associated proteins. The insets in Fig. 2 show examples of probe pair sets for ␤-actin, whose transcripts do not change, for Cx43, whose expression increases (5.3-fold) and for AQP5, whose expression decreases (Ϫ106-fold) in LP compared with DL.
We have performed hierarchical cluster analysis between the samples with the average linkage method (28, 52) . This analysis groups a set of genes with a similar expression pattern regardless of their mRNA origin. In all cases, the hierarchical cluster analysis grouped the samples in two main clusters corresponding to LP and DL, which provides an indication of the validity of the observed differences. Figure 4 illustrates the cluster analysis in each gene (blue: low expression; red: high Central thin gray diagonal line shows identical expression; parallel thick black and blue lines represent 2-fold and 10-fold deviation, respectively. Small gray dots represent sequences with no significant changes, red dots sequences significantly upregulated sequences, and blue dots downregulated sequences (P Ͻ 0.05). Insets: probe pair sets from LP and DL rats for ␤-actin (V01217), CX43 (NM_012567), and aquaporin-5 (AQP5; U16245) in rat myometrium. Intensity level of each cell reflects the degree of hybridization, which correlates with the amount of the corresponding transcripts in the original mRNA. 
Comparison of change in gene expression ͓late pregnancy (LP)/during labor (DL)͔ with microarray and quantitative real-time PCR (QRT-PCR): Ϫ, downregulation; ϩ, upregulation. Forward (F) and reverse (F) primers used for QRT-PCR are given with GenBank accession numbers. expression), the GenBank accession number, fold change, and P values (LP 1, 2, 3 and DL 1, 2, 3). Because the microarray analysis showed that the majority of the genes were only downor upregulated by -2-fold between LP and DL, we randomly selected five genes that were either up-or downregulated between 1.8-and 2.4-fold for QRT-PCR analysis. Figure 3 shows relative transcript expression of FC-␥, Signal peptidase, Deiodinase iodothyronine type III, Retinaldehyde dehydrogenase, and Fibulin 5 normalized to LP. Consistent with microarray determinations, QRT-PCR experiments showed that myometrium FC-␥ (Ϫ2-fold), Signal peptidase (Ϫ1.3-fold), and Deiodinase iodothyronine type III (Ϫ5-fold) were downregulated, whereas Retinaldehyde dehydrogenase (ϩ2.1-fold) and Fibulin 5 (ϩ1.6-fold) were upregulated at almost similar fold change as in microarray data (Table 1, Fig. 3, A-E) . We also selected several other genes that were up-or downregulated between 3-and 100-fold by microarray analysis in DL compared with LP: AQP5, Ϫ45.2-fold; Sodium-myo-inositol cotransporter (SMIT), Ϫ3.8-fold; P-glycoprotein/multidrug resistance1 (MDR), Ϫ122-fold; and transforming growth factor-␤3 (TGF-␤3), ϩ7.2-fold (Fig. 3, F-I) . GAPDH was used as the housekeeping gene, and its transcript levels were similar in LP and DL (Fig. 3J) . The melting curves showed a single sharp peak for all genes as described in Fig. 1 , indicating the presence of a single PCR product. In summary, QRT-PCR on selected genes with relatively large and small changes in expression between LP and DP further validated the microarray data.
Gene expression can be regulated by sex hormones (26) . Thus it is likely that some of the reported changes could be related to the hormonal changes taking place between LP and DL animals. In fact, in the studied short window of 36 h after day 21 of pregnancy in rats there is a dramatic rise of estrogen from ϳ20 to ϳ60 pg/ml and a reduction of progesterone from ϳ20 to 1.1 ng/ml (57) . Similarly, in rodents during midpregnancy placental lactogen is very low (5 ng/ml), peaking before parturition (ϳ25 ng/ml).
To have a general picture of the changes in gene expression together with their functional consequences we grouped genes with significant changes in expression according to their main biological function (Fig. 4) . We identified several functionally related clusters of genes that account for different processes occurring during the transition between the noncontractile LP myometrium and delivery.
Contraction Regulation
Channels and transporters. Gap junctions are highly regulated at the onset of labor and have an essential role in the synchronization of myometrium contraction. Cx43 and Cx26 are the two major gap junctions in myometrium. In the rat they have a characteristic pattern of expression: Cx26 has its peak expression 2 days before labor, while Cx43 has its peak expression during delivery (62) . We have observed the same pattern of expression, 5.3-fold upregulation of Cx43 and Ϫ4.3-fold downregulation of Cx26, at delivery (Figs. 2 and 4) . AQP proteins are a family of channels expressed in numerous mammalian tissues, where they play a fundamental role in regulating water transport across cell membranes (8) . Specific AQP isoforms are expressed in both rat and mouse uterus (47, 65) . Furthermore, the expression and distribution of some AQPs are altered during the preimplantaion period in mouse and rat uterus (53-55, 65 ). Consistent with a high degree of AQP remodeling in the uterus, here we report significant downregulation of two members of the AQP family during delivery, AQP5 by about Ϫ45-to Ϫ100-fold (determined by QRT-PCR and microarray, respectively) and AQP8 by Ϫ7-fold during delivery, underscoring their potential role in parturition.
Recent studies in rat uterus showed that both AQP5 and AQP8 were upregulated during the first 20 days of pregnancy by 20-and 6-fold, respectively. Consistent with our studies, both proteins were downregulated from day 20 to day 23 of pregnancy (Ϫ4-fold for AQP5 and Ϫ2-fold for AQP8) (38) . However, there was no change in the expression of AQP5 when comparing term versus labor, whereas AQP8 was further downregulated in labor (38) . We have observed similar downregulation of AQP8 in rat myometrium from day 21 to labor. However, the dramatic downregulation of AQP5 (Ϫ100-fold in microarray data and Ϫ45-fold in QRT-PCR) between LP and DP in our work is not in agreement with the previous study (38) . This discrepancy could be due to slight differences in the selected time points or to the differences in the tissue composition of uterus that was contaminated with endometrium (38) .
We observed the downregulation of SMIT (Ϫ4.3-fold), which may diminish entrance of the osmolyte myo-inositol, as a mechanism of cell volume homeostasis in a hyperosmotic environment (74) . An associated mechanism leading to reduced ion transport during delivery is the downregulation of the ␤ 1 -subunit of the Na ϩ -K ϩ -ATPase, which regulates the level of expression of the ␣-subunit of the Na (3, 36) . GABA A receptor has been identified in uterus, is composed of five subunits that form a ligand-gated Cl Ϫ channel, and seems to be related to the relaxed state (44) . The -subunit increases receptor sensitivity to progesterone derivatives like allopregnanolone, whose concentration peaks near the end of pregnancy (day 19), returning to control values immediately before delivery (day 21) (20) . In fact, we observed a significant downregulation (Ϫ14.1-fold) in the mRNA expression of GABA A receptor -subunit during delivery, in agreement with reports by others favoring a more contractile myometrium during delivery (34) .
A very significantly downregulated gene was P-glycoprotein (Ϫ77.9-fold microarray data, Ϫ122-fold QRT-PCR), an ATPdependent transmembrane pump capable of transporting numerous compounds including toxic metabolites out of the cell. This protein is considered to regulate the transfer of several substances from mother to fetus through the placenta, and to protect the fetus from toxic substances (72) . Its downregulation at term may be associated with the interruption of metabolic traffic between the placenta and the uterine wall for expulsion of the fetus.
G protein-coupled receptors. Activation of G protein-coupled receptors (GPCRs) targeting the activation of phospholipase C (PLC) leading to inositol 1,4,5-trisphosphate release of intracellular Ca 2ϩ and stimulation of Ca 2ϩ influx is the predominant contracting pathway in myometrium (4, 68) . Several seven-transmembrane domain GPCRs targeting PLC, including oxytocin, endothelin, prostaglandins (FP, EP 1 , and EP 3 receptors), angiotensin, and bradykinin, have been described in myometrium (15, 33) . Oxytocin and prostaglandins have been proposed as parturition triggers (49, 50) . In fact, the data in Fig. 4 confirm the upregulation of the oxytocin receptor (4.3-fold) and other GPCRs via G␣ q/11 such as the ␣ 1A -adrenergic receptor (3.3-fold) (25) , the AT 1 angiotensin receptor (2.3-fold) (21), the P 2y2 purinergic receptor (2.2-fold) (40) , and the thrombin receptor (2.0-fold) (69) . The redundancy in the upregulation of this set of GPCRs may explain the paradox that in oxytocin receptor-knockout mice parturition remained unaffected (61) .
Cannabinoid receptor 1 was the most significantly downregulated seven-transmembrane receptor (Ϫ3.9-fold). This receptor is coupled to G␣ i/o , inhibiting adenylyl cyclase and decreasing calcium conductance through voltage-activated calcium channels (18) . Its downregulation may facilitate calcium influx.
Other receptors. The prolactin receptor, which belongs to the family of cytokine receptors, was downregulated (Ϫ2.6-fold) during delivery. This receptor signals via associated kinases (Jak/Stat, Ras-Raf-MAPK, and Src tyrosine kinases) (39) . Since prolactin seems to potentiate progesterone action that favors a myometrium quiescent state, the downregulation of the prolactin receptor may enhance myometrium contractility (22, 59) .
TGF-␤ receptor types I, II, and III belong to the serine/ threonine kinase receptor family. The activity of these receptors phosphorylates and activates transcription factors (SMAD proteins), which carry the signal to the nucleus (6, 58). The TGF-␤III receptor is downregulated (Ϫ1.8-fold) during labor. Previous work has shown that TGF-␤I and II receptors are upregulated in human myometrium during late pregnancy and are downregulated during labor (42) .
Glycoprotein 330 (megalin) is a member of the LDL receptor family that binds lipoprotein (a), mediating its cellular uptake and degradation (60) . The dramatic reduction of glycoprotein 330 during delivery (Ϫ28.1-fold) could be related to the return to normal levels after parturition of the general increase during pregnancy of total cholesterol, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol (56) .
Calcium metabolism. The activity of ADP ribose cyclase (CD38) stimulates cyclic ADP ribose synthesis that triggers Ca 2ϩ release from intracellular stores through ryanodine receptor/channel. CD38 transcripts were increased (1.9-fold) during delivery. This increase can facilitate Ca 2ϩ release from intracellular stores, inducing more forceful contraction during labor (19) .
Muscle relaxation. Genes promoting muscle relaxation were downregulated: the opioid receptor agonist precursor proenkephalin (76), uroguanylin, which stimulates the cGMP synthesis and nitric oxide production favoring smooth muscle relaxation (11, 12) , and minoxidil sulfotransferase, which catalyzes the synthesis of minoxidil sulfate, a K ATP potassium channel opener (1) .
Immune response, receptors, and other functions. Normal pregnancy requires the suppression of the inflammatory response in the reproductive tissue in order to tolerate the developing fetus (70) . However, at the time of labor, activation of the inflammatory response could facilitate delivery. Here we found that early growth response protein-1 (EGR-1), which is associated with an inflammatory-like reaction in the ovary (30) , is significantly upregulated (ϩ3.8-fold) in DL.
Prostaglandins seem to accentuate the effect of other mediators and leukocyte recruiters in inducing the cascade of events necessary for birth (48) . In accord with this hypothesis, we have observed a significant upregulation of COX2 (a gene related to prostaglandin synthesis and inflammatory response), which is in agreement with the upregulation of COX2 detected in human myometrium during labor (45) . However, in another report no change of COX2 mRNA was found in human myometrium (5) . We have also observed a significant upregulation of the chemokines eotaxin (ϩ18.8-fold) and Scyb14 (ϩ7.9-fold), involved in the recruitment of leukocytes that can be involved in the inflammatory response (13, 41) . Other cytokines upregulated are TGF-␤1 (ϩ2.1-fold) and -␤3 (ϩ2.9-fold), whose function still remains unclear (42) . ERF-1, another inflammatory response gene, was also upregulated (ϩ2.4-fold). Following this pattern, the suppressor of cytokine signaling SOCS-2 was downregulated (Ϫ2.1-fold), contributing to the cytokine cascade. Moreover, we were able to observe the downregulation of prostaglandin D synthase (Ϫ1.9-fold), which has been associated with the anti-inflammatory response (46) . Also, we have observed the downregulation of interleukin 18 (Ϫ2.6-fold), coagulation factor III (Ϫ3.6-fold), ␤-defensin-1 (Ϫ6.1-fold), solute carrier 11-2 (Ϫ4.5-fold), Fc-␥ receptor (Ϫ1.8-fold), and lipopolysaccharide binding protein (Ϫ2.0-fold), whose function still remains to be elucidated. In summary, during delivery there is upregu-lation of proinflammatory and downregulation of anti-inflammatory genes.
Signal Transduction and Control of Gene Expression
Signal transduction. Signal transduction cascades showed upregulation of phosphatases (BAD2, protein tyrosine phosphatase, CL100 protein tyrosine phosphatase, and protein tyrosine phosphatase PTPn1) and downregulation of kinases (PKC binding protein and substrate, serum/glucocorticoidregulated kinase, eukaryotic elongation factor 2 kinase, PKC-␤, and janus protein tyrosine kinase 2). The downregulation of kinase activity could be related to a diminished gene expression and cell proliferation to stop uterine growth. Reduction of phosphorylation also inhibits relaxant pathways and stimulates contraction (68) . The cyclin kinases (CDC2, CDK2, and CDK4) were upregulated. They form part of the cyclin-dependent kinase complex involved in the regulation of the cell cycle having an important role in tissue repair and regeneration (63) .
Transcription factor/modulator. We have observed the upregulation of several transcription factors related to tissue proliferation and cancer including MRG1 (ϩ2.8-fold), C/EBP-␤ (ϩ2.3-fold), c-fos (ϩ2.2-fold) p8 (ϩ2.1-fold), progression-elevated gene 3 (ϩ1.8-fold), and DRCF-5 (ϩ1.8-fold), suggesting the presence of proliferation and tissue remodeling. Similar c-fos upregulation (ϩ2.2-fold) has been reported in mouse uterus from day 13 to day 19 and in human myometrium in term labor compared with preterm not in labor (5, 37, 66) . In agreement with observations by others (2), we have observed the upregulation of cAMP response element modulator protein (CREM, ϩ2.5-fold) and truncated CREM delta C-G alternating spliced CREM-lacking intron (c-G) (ϩ2.2-fold).
Cell division. We also observed the downregulation of genes associated with differentiation and cell growth: T-16 (Ϫ2.2-fold), vHNF-1 (Ϫ2.3-fold), and Id-2 (Ϫ2.4-fold). We also observed the increase in expression of genes that inhibit smooth muscle proliferation like CNP (ϩ3.2-fold) (35) and Retinaldehyde dehydrogenase 2 (ϩ2.3-fold microarray and ϩ2.1-fold QRT-PCR) (7) . Also, genes related to cell division, proliferation, and growth induction were downregulated, including DNA polymerase ␣ (Ϫ1.8-fold), D6.1A protein (Ϫ2.4-fold), cyclin G1 (Ϫ2.5-fold), CL6 (Ϫ3.8-fold), and follistatin (Ϫ6.8-fold), supporting the end of the hyperplasic phase.
Structural Remodeling
Tissue remodeling. Complementary to the downregulation of the anchoring proteins, shredding enzymes are necessary to allow the physical separation of the placenta and uterine wall. Afterwards, the uterus undergoes a substantial remodeling and size reduction called postpartum uterine involution. Both processes involve digestion of extracellular matrix proteins by specific proteases (32) . The process involves several different proteinases in a redundant mechanism (67) . We observed significant upregulation of three metalloproteinases, matrilysin (22.5-fold), stromelysin-3 (6.7-fold), and plasminogen activator (2.1-fold), and aminopeptidase B (2.1-fold). Upregulation of stromelysin-3 by eightfold and matrilysin (tissue remodeling gene) by sixfold between days 13.5 and 19 of gestation was previously reported in mouse uterus (5) . In human myometrium matrilysin and stromelysin have been upregulated 7-and 3.5-fold, respectively, in preterm labor compared with preterm not in labor (5) . Paradoxically, the inhibitor of the plasminogen activator (ϩ4.9) was also upregulated, suggesting a tight regulation of this proteolytic response that can be locally affected.
Extracellular matrix proteins. Structural components of the extracellular matrix like thrombospondin 4 (Ϫ2.5-fold) and collagen ␣ 1 (Ϫ2.8-fold) are downregulated, in agreement with the idea of the end of uterine growth. However, we have detected a significant upregulation of fibulin-5 (ϩ1.9-fold microarray data and ϩ1.6-fold QRT-PCR), an elastic fiber component of the extracellular matrix whose role may be related to sustaining tissue elasticity (24) .
Muscle structure. During pregnancy there is an increase in the number (hyperplasia) and size (hypertrophy) of smooth muscle cells, being predominantly hyperplasia at the first stages of gestation and hypertrophy at the final stage, both stopping at the end of gestation (29) . We have observed that genes related to cell structure and contractile machinery did not change or were downregulated (ezrin Ϫ1.8-fold, ␥-adductin Ϫ2.0-fold, ␣-actin Ϫ3.0-fold), consistent with the phase of myometrium involution after parturition.
Posttranslational processing and cell trafficking. Lysosomes are the site of degradation of obsolete intracellular material during autophagy and of extracellular macromolecules after endocytosis and phagocytosis. We have determined the downregulation of several intracellular proteases, responsible for protein processing. They are PC7A (Ϫ1.9-fold), subtilisin-like endoprotease (Ϫ1.9-fold), and signal peptidase (Ϫ2.3-fold), which are responsible for protein maturation. The role of this regulation may be related to modification in the targeting of protein necessary for sustaining relaxant machinery.
Other Functions
Enzymes. We have detected changes in several genes related to general metabolism of amino acids (glutamate dehydrogenase, Ϫ2.0-fold; glutaminase, Ϫ5.0-fold; branched-chain aminotransferase, Ϫ2.2-fold) and glycolipids (ARSB, Ϫ2.9-fold; fucosyltransferase C, Ϫ15.7-fold), oxidative stress response (carbonic anhydrase, Ϫ2.0-fold; metallothionein, Ϫ2.5-fold), and L-arginine:glycine amidinotransferase, which catalyzes the ratelimiting step in creatine biosynthesis (Ϫ5.2-fold); most of these showed significant downregulation. The role of the regulation of these genes remains elusive.
Lipid and steroid pathways. We have determined the upregulation of genes involved in fatty acid ␤-oxidation, a mechanism related to energy generation. The hydratase hydrogenase bifunctional enzyme (ϩ7.3-fold) and MCAD (ϩ2.3-fold) are upregulated at birth, suggesting the existence of molecular machinery for energy generation using fatty acids as substrate. In relationship to steroid metabolism, we detected the upregulation of 3␣-HSD (ϩ2.4-fold), a molecular switch with the role of regulating the accessibility of steroid hormone that can bind to the receptor (64) . Also, we determined the upregulation of cytochrome P-450 Cyp7b1 (ϩ1.9-fold), which is associated with steroid synthesis from C21 to C19 (73) .
The main observation points to a systematic downregulation of the full pathway of cholesterol synthesis: HMG-CoA synthase (Ϫ8.4-fold, Ϫ4.3-fold, and Ϫ2.7-fold), IPP isomerase (Ϫ2.0-fold), squalene epoxidase (Ϫ2.7-fold), and lanosterol 14-demethylase (Ϫ2.6-fold, Ϫ2.3-fold, and Ϫ2.1-fold). These enzymes account for four of the five main steps in cholesterol biosynthesis. We also determined the downregulation of two other steroid metabolism enzymes, cytochrome P-450 IIF-1 (Ϫ2.1-fold) and cytochrome P-450 IVB2 (Ϫ2.4-fold). This observation suggests the existence of the molecular elements for an autocrine steroid system in the uterus that may account for potential differences in local steroid concentration during pregnancy and parturition.
Conclusions
In recent times, global analysis of gene expression through microarrays has become a very important and powerful tool for better understanding of molecular mechanisms of physiological processes and pathogenesis. Since the molecular changes experienced by the myometrium during parturition are highly complex, high-throughput technology is required to understand these events. Here we showed global changes in gene expression in rat myometrium during labor. We have determined the changes in expression of genes involved in myometrium contractility, calcium homeostasis, cell volume, immune/inflammatory response, signal transduction, steroid/lipid pathways, transcription factors, and tissue remodeling. Among these, the Ϫ100-fold downregulation of water channel protein AQP5 was the most striking. The clusters of genes showed a trend that favors a more contractile and less quiescent status in myometrium within a period of 36 h between late pregnancy and delivery, giving clues to the possible role of genes not previously described in this system that may lead to a better understanding of the labor event.
